Abstract. FOSB protein is encoded by the FOSB gene in humans, which shares structural similarities with the prototype of the Fos family. FOSB plays a role by AP-1 complex which is composed of heterodimers of Jun and Fos members. Our experiment aimed to evaluate the effect of FOSB in gastric cancer (GC) patients and then probe its significance in prognosis. We detected the expression of FOSB in GC and adjacent non-cancerous tissues by western blot analysis and real-time quantitative PCR (qRT-PCR). Moreover, we analyzed FOSB expression in patients who underwent resection procedures using immunohistochemistry. The relationship between the expression of FOSB, the clinicopathological characteristics and the patients survival were also investigated. Furthermore, in vitro, we evaluated the effects of FOSB gene on gastric cancer cell viability, proliferation and migration by MTT, clone formation and Transwell assays. Finally, the Kaplan-Meier method and log-rank test were used to compare the overall survival between high FOSB expression group and low FOSB expression group. Immunohistochemical staining data showed that FOSB expression was significantly decreased in gastric cancer cases. In addition, we confirmed FOSB downregulation in both mRNA and protein levels in GC tissues compared with matched adjacent non-cancerous tissues. Downregulated expression of FOSB was correlated with poor differentiation, lymph node metastasis and advanced TNM stage. Moreover, we found that low FOSB expression exhibited a significant correlation with poor prognosis for GC patients by KaplanMeier survival analysis. Overexpression of FOSB significantly suppressed cell proliferation, clone formation and migration in GC cell lines. In contrast, silencing of FOSB expression in GC cells promoted proliferation, clone formation and migration. Our results showed that FOSB plays a crucial role in the suppression of GC, and that it may be a useful biomarker in diagnosis and prognosis for GC patients.
Introduction
According to WHO, gastric cancer (GC) is the fourth most common cancer and the second most common cause of cancerrelated death worldwide (1) . In China, gastric cancers are considered to be the second most frequently diagnosed cause of cancer death (2) . Recently, owing to the global environment worsening and change in people's habits, incidence of gastric cancer has increased year by year. Despite some advances in diagnosis, staging and treatment of GC, especially surgery, chemotherapy and radiotherapy, the long-term survival rate remains quite low because of local invasion and distant metastasis. The incidence, development, infiltration and metastasis of GC are a multistep and multifactor process. It may be regulated by many genes and involves a variety of gene activation, regulated disorder or inactivation (3) . Recently, many characteristic biological markers are being studied, which may be very helpful to clinicians to predict metastatic progression and prognosis of GC patients.
FBJ murine osteosarcoma viral oncogene homolog B, also known as FOSB (in humans) or FosB (in other species), is a protein that is encoded by the FOSB gene that is localized on chromosome 19q13 and is composed of four exons in humans (4, 5) . FosB is an acidic protein of 338 amino acids which shares structural similarities with the prototype of the Fos family, c-Fos, namely, a prolin-rich basic DNA-binding region, a leucine zipper required for dimer formation, and a C-terminal transactivation domain (6) . FOSB gene encodes leucine zipper proteins that dimerize with proteins of the JUN family, thereby forming the transcription factor complex AP-1. AP-1 regulates gene expression in response to a variety of stimuli, including cytokines, growth factors, stress and bacterial and viral infections (7) . It was shown in various experimental systems that stronger proliferation, malignant transformation and enhanced aggressiveness are accompanied by a change in AP-1 complex composition (8) (9) (10) . Similarly, the inhibition of proliferation and induction of differentiation processes leads to a shift of expression of the individual AP-1 proteins (11) (12) (13) . In the past several years, some studies identified that downregulated expression of FOSB is frequent in breast carcinomas (14) and pancreatic cancer (15) . Up to now, there has not been research reporting the role of FOSB in GC. Thus, the purpose of the present study was to determine FOSB expression in human GC patient specimens and then to evaluate the clinicopathological implications of FOSB expression in GC. Furthermore, we investigated the potential influence of FOSB in the development of GC.
Materials and methods
Tissue collection. We retrospectively analyzed clinicopathological data from 116 gastric cancer patients who underwent surgical resection at the Second Affiliated Hospital of Nantong University from January 2008 to December 2010, and obtained fresh gastric cancer and surrounding non-cancerous tissue samples randomly from 40 GC patients. After surgical resection, fresh samples were frozen in liquid nitrogen immediately and divided into two parts, and one was maintained at -80˚C until use for real-time PCR, the other used for western blot analysis. Paraffin-embedded samples were obtained from 116 GC patients for immunohistochemistry. The clinical information related to the 116 GC patients, including gender, age, tumor size, TNM stage and lymph node metastasis was also collected. Staging and grading were referred to the classification of the International Union against Cancer (UICC) criteria. None of the patients were administered preoperative radiotherapy or chemotherapy. All human tissues were collected using protocols approved by the Ethics Committee of The Second Affiliated Hospital of Nantong University. Immunohistochemistry. The tissue sections were deparaffinized with dimethylbenzene and rehydrated through 100, 95, 90, 80 and 70% ethanol. After three washes in phosphate-buffered saline (PBS), the slides were boiled in antigen retrieval buffer containing 0.01 M sodium citrate-hydrochloric acid for 10 min in a microwave oven. After rinsing with PBS, the tissue sections were incubated with a rabbit polyclonal antihuman FOSB antibody (1:100; Santa Cruz Biotechnology) and the slides were then rinsed in 3% hydrogen peroxide to block endogenous peroxidase. The sections were incubated with a donkey anti-rabbit second antibody conjugated horseradish peroxidase (1:5,000; Abcam, Cambridge, UK) at 4˚C overnight and then incubated with horseradish peroxidase (HRP) (at room temperature for 30 min. After washing in PBS, the visualization signal was developed with 3,3'-diaminobenzidine (DAB) solution, and all of the slides were counterstained with hematoxylin. The total FOSB immunohistochemistry staining score was calculated as the sum of the percentage of positively stained cells and the staining intensity. Briefly, the percentage of positive staining was scored as 0 (0-9%), 1 (10-25%), 2 (26-50%) or 3 (51-100%), and the intensity was scored as 0 (no staining), 1 (weak staining), 2 (moderate staining) or 3 (strong staining). The expression level of FOSB was defined as follows: '-' (negative, score of 0), '+' (weak positive, score of 1-3), '++' (positive, score of 4-6) and '+++' (strong positive, score of 7-9). We defined high FOSB expression as a total score of >3, and low FOSB expression as a total score of <3.
Cell culture, plasmid construction and transfection. The human GC cell lines, AGS, SGC7901, BGC823 and MKN45 and the human normal gastric epithelial mucosa cell line GES-1 were all obtained from the Cell Bank of the Committee on Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). All cell lines were grown in Dulbecco's modified Eagle's medium (DMEM) or RPMI-1640 medium (Gibco) with 10% fetal bovine serum (FBS; HyClone Laboratories, Inc., Logan, UT, USA) and were cultured in humidified incubator at 37˚C with 5% CO 2 .
For siRNA silencing of FOSB, two pairs of siRNA oligos for FOSB were designed and purchased from Shanghai GenePharma, Co., Ltd. (Shanghai, China). The targeting sequences were: FOSB siRNA1: 5'-AAGGGTGCGCCGGGA ACGAAATAAA-3'; FOSB siRNA2: 5'-GGAACGAAATAA ACTAGCAGCAGCT-3'; and FOSB siRNA3: 5'-GGCTTCT CTCTTTACACACAGTGAA-3'. Synthesized siRNAs were transfected into GC cells, respectively, using the Lipofectamine RNAiMAX transfection reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. In addition, siRNA3 could effectively reduce endogenous FOSB expression by western blotting assay. Therefore, siRNA3 was chosen for downstream experiment.
FOSB overexpression vector pcDNA 3.1(+)-FOSB was constructed using the PCR method. The PCR products were confirmed by direct DNA sequencing and cloned into the mammalian expression vector pcDNA 3.1(+). We obtained stably transfected clones by G418 selection (Promega). A stable transfectant of the pcDNA 3.1(+) vector was used as a control. For transfection, pcDNA 3.1(+)-FOSB expression plasmids were transfected into GC cells using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. The level of FOSB expression after transfection was analyzed by western blot analysis.
Cell viability assay. Cell viability was tested by using MTT assay. All cells were plated in 96-well plates at 5x10 3 cells/ well in complete medium and cultured for 24 h, and replaced with medium which contained 10% FBS, then 10 µl MTT was added to each corresponding test well and the plates were further incubated for 4 h. All samples were measured at 490 nm spectrophotometric absorbance. All experiments were performed in triplicate.
Colony formation assay. After transfection, cells (5x10 4 / well) were separately plated in a 24-well plate. After 24 h, the cells were collected and seeded (1,000-1,500/well) in a fresh 6-well plate for 12 days. Surviving colonies (>50 cells per colony) were counted after fixed with methanol/acetone (1:1) and stained with 5% Gentian violet (ICM Pharma Pte. Ltd., Singapore, Singapore), after that rinsed three times with PBS to remove excess dye, photographed and counted. The experiment was carried out in triplicate wells three times.
Cell migration assay. According to the manufacturer's instructions, the cell migratory capacity was determined by Transwell chambers (BD Biosciences, San Jose, CA, USA). After transfection, cells were harvested at 24 h and then 3.0x10 5 transfected cells or untreated cells in serum-free medium were added to each upper insert. The chemotactic factor, DMEM medium (Gibco) which contained 10% FBS (500 µl) was added to the lower chamber. After incubation for 48 h, nonmigrated cells on the upper surface were removed gently with a cotton swab and the migrated cells on the lower membrane surface were fixed in methanol. Cells were stained with 0.1% crystal violet, photographed and counted. The experiment was performed in triplicate and repeated three times.
Statistical analysis. The SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. The relationship between the FOSB expression level and the clinicopathological characteristics was subjected to the χ 2 test. Survival curves were calculated by the Kaplan-Meier method and the differences were analyzed with the log-rank test. A multivariate analysis of several prognostic factors was carried out using the Cox proportional hazards regression model. The results were expressed as the mean ± SD of at least three independent experiments, for all statistical analyses. P-value <0.05 was considered to be statistically significant.
Results

FOSB expression analyzed in gastric cancer tissue samples by western blot analysis and qRT-PCR.
Twenty-four gastric cancer specimens as well as their adjacent non-cancerous tissues were selected from 40 gastric cancer patients randomly and used to evaluate FOSB protein expression by western blot analysis. The representative results of western blot analysis in five cases are shown in Fig. 1A . The results show that the expression of FOSB protein level was significantly downregulated in most of GC tissues (79.17%, 19 of 24) compared with adjacent non-cancerous tissues, and the average FOSB protein level in 24 GC tissues was significantly lower than that in adjacent non-cancerous tissues (P= 0.021; Fig. 1B) . We also performed qRT-PCR analysis in 40 GC tissues and matched adjacent non-cancerous tissues. As shown in Fig. 1C , the average relative expression of FOSB mRNA level was significantly lower in GC tissues compared with adjacent noncancerous tissues (P=0.004).
To further investigate FOSB expression level, a total of 116 paraffin-embedded GC blocks were evaluated by IHC analysis. We found that FOSB was expressed at various levels in the GC tissues and the adjacent non-cancerous tissue samples (Fig. 2) Overall, 64 of 116 (55.17%) cases showed low FOSB expression (FOSB -or FOSB +) in GC tissues, while the remaining Table I ). The adjacent non-cancerous tissues showed the strongest FOSB-positive staining ( Fig. 2A) .
(44.83%) cases displayed high SPOP expression (FOSB ++ or FOSB +++) (
Overexpression of FOSB inhibits gastric cancer cell viability, proliferation and migration in vitro.
FOSB was significantly decreased in GC tissues and acted as a tumor suppressor gene. MKN45 cell line with the lowest expression of FOSB of the five tested GC cell lines (Fig. 3 ) was chosen to examine whether overexpression of FOSB affected cell viability, proliferation and migration in GC. The effects of FOSB on cell viability and proliferation were evaluated by MTT and colony formation assay, and the results showed that overexpression of FOSB suppressed the viability and the number of colonies of MKN45 cells ( Fig. 4B and C; P<0.05 ). In addition, these results were further confirmed by assay, overexpression of FOSB could decrease the transformation phenotype of GC cells in vitro. Besides, we investigated the potential role of FOSB on cellular migration by Transwell assays. MKN45 cells were transfected with FOSB overexpressing plasmid or control plasmid and seeded in the chamber, and their migratory abilities were determined 24 h later. The results showed that the overexpression of FOSB inhibited the migratory capacity of MKN45 cells ( Fig. 4C; P<0 .05).
Knockdown of FOSB expression promotes gastric cancer cell viability, proliferation and migration in vitro.
To further study the effects of FOSB on the viability, proliferation and migra- tion of gastric cancer cells, SGC7901 cells that possessed the highest FOSB expression in the four GC cells (Fig. 3) were transfected with FOSB siRNA1, FOSB siRNA2 and FOSB siRNA3. Western blot analysis showed that siRNA3 reduced the level of endogenous FOSB expression more significantly than siRNA1 and siRNA2 (Fig. 5A) . The effects of FOSB on cell viability and proliferation was assessed by MTT and colony formation assays, and the results indicated that downregulation of FOSB expression promoted the viability of SGC7901 cells and increased the number of colonies of Table I . Correlation between the FOSB expression and the clinicopathological characteristics in patients with gastric cancer. SGC7901 cells compared with the control cells ( Fig. 5B and  C; P<0.05 ). In addition, knockdown of FOSB expression dramatically reduced the migrated cell number of SGC7901 cells by Transwell assay (Fig. 5D; P<0.05) .
FOSB expression ------------------------------
FOSB expression is correlated to clinicopathological factors in GC.
Chi-square test was used to analyze the correlation between the FOSB expression in GC tissues and various clinicopathological characteristics. that decreased expression of FOSB was significantly correlated to poor differentiation (P<0.001), lymph node metastasis (P=0.001) and high TNM stage (P=0.021). However, there was no statistically significant correlation between FOSB expression and gender, age, tumor size, location, invasive depth, H. pylori infection and distant metastasis (P>0.05). To further estimate the correlation between the FOSB expression and the prognosis of GC patients, we used Kaplan-Meier survival curves and the log-rank test to investigate the prognostic effect of FOSB on the overall survival rate of GC patients by comparing the 5-year survival rate of patients with high or low levels of FOSB expression. The patients with the low levels of FOSB expression had a poorer prognosis than the patients with high levels of FOSB expression (χ 2 , 13.421, P<0.001; Fig. 6 ).
Univariate and multivariate analysis was performed to evaluate the independent prognostic roles of FOSB (Table II) . Univariate Cox regression analysis showed that histological grade, invasive depth, TNM stage, lymph node metastasis and FOSB expression were significantly associated with overall survival in GC patients. Moreover, multivariate Cox regression analysis confirmed FOSB expression and TNM stage as independent predictors of the overall survival of GC patients.
Discussion
Gastric cancer has one of the highest incidence rates in the world, and the 5-year survival rate of is less than 20-25% in China because of frequent relapse and high metastasis rate postoperatively (16) , and most patients present advanced disease at diagnosis making its treatment very intricate (17) . It is widely accepted that early diagnosis and treatment are keys for better clinical outcome in patients with gastric cancer (18) . There have been many advances in diagnostics and therapeutics in GC, however, dismal prognosis, despite these improvements, still persist (19) . Many cancer-related molecules have been characterized with the goal of developing novel anticancer therapies, including targeted drugs or antibodies and cancer vaccines (20) . FosB is known as a kind of the biological markers, but there is no related report on FOSB in GC.
FOSB is a member of the Fos gene family. It is activated by growth factors and is a nuclear protein of 338-amino acids that shows 70% homology with Fos. Furthermore, like Fos, it forms complexes with the Jun-family of transcription factors 8, suggesting that it is involved in regulating gene expression (6) . Together with the Jun family members, the Fos family of transcription factors form the group of AP-1 proteins which, after dimerization, bind to so-called TPA-responsive elements in the promoter and enhancer regions of target genes (21) . In contrast to Jun proteins, Fos family members are not able to form homodimers, but heterodimerize with Jun partners, giving rise to various trans-activating or trans-repressing complexes with different biochemical properties (22) . AP-1 in turn controls a number of cellular processes including differentiation, proliferation and apoptosis (7) . To further analyze the role of the FOSB transcription factor in GC and to explore whether the level of FOSB expression is involved in GC cell viability, proliferation and migration, we used immunohistochemistry on paraffin sections of 116 gastric carcinomas. According to our new measurements, we demonstrated that FOSB was expressed higher in adjacent non-cancerous tissues than in GC tissues. In addition, we also found that a downregulated expression of FOSB was markedly connected with advanced TNM stage, poor differentiation and lymph node metastasis. Thus, the abnormal expression of FOSB might be involved in GC tumor progression and metastasis, and we speculated that FOSB may play a tumor suppressor role in GC. Subsequently, qPCR and western blot analysis were used to find that FOSB expression was decreased at the mRNA and protein levels in most cancer tissues compared to their adjacent non-cancerous tissues. Moreover, we showed that the viability, proliferation and migration in vitro of MKN45 cells were observably inhibited by overexpression of FOSB, whereas knockdown of FOSB expression promoted the viability, proliferation and migration of SGC7901 cells in vitro. Furthermore, it is well known that a high prevalence of H. pylori is always accompanied by a high incidence of gastric cancer (23). One study demonstrates that H. pylori positivity is a beneficial prognostic indicator in patients with gastric cancer (24) . However, in the present study, there was no significant discrepancy in the expression of FOSB in the patients with and without H. pylori infection.
In accordance with the Kaplan-Meier survival, it showed that low FOSB expression had significant relationship with shorter survival time of GC patients. Multivariate analysis suggested that in patient overall survival, FOSB expression was an independent prognostic indicator. Moreover, in a study on human keratinocytes, the calcium-induced differentiation and expression of the differentiation marker involucrin was accompanied by an increase of FOSB and a decrease of Fra-1 expression (13) . Regarding the functional differences between Fos family members, FOSB is the only AP-1 protein which cannot bind and inactivate glucocorticoid receptors (25) . Vice versa, unlike other AP-1 family members, FOSB proteins cannot be blocked by GR proteins which are expressed in the epithelial cells of terminal lobular units and which play a role in the differentiation of mammary epithelial cells (26, 27) . 
